&057 


iO 

CO 


AIR  FORCE  SYSTEMS  COMMAND 

WRIGHT -PATTERSON  AIR  FORCE  BASE 
OHIO 


DDC 

frjygjQgm  nra 


'  MAY  2  9  1963 
uG 


jV^ianr 

XISIA  0 


Best 

Available 

Copy 


FTD-TT-  62-l°25/l+2 


UNEDITED  ROUGH  DRAFT  TRANSLATION 


TRANSACTIONS  OF  THE  ACADEMY  OF  SCIENCES  OP  THB 
UKRAINIAN  SSR.  I NS TI TUTS  OF  METAL  CERAMICS 
AND  SPECIAL  ALLOYS.  SEMINAR  ON  HEAT-RESISTAST 
MATERIALS.  {SELECTED  ARTICLES) 

English  Pages t  46 

SOURCE!  Russian  Book,  Trudy  Akademiya  lfauk 

Ukrayinskoyi  RSR-  Institut  Metal lokeraniki 
I  Spet  si alnykh  Splavov.  Seminar  Vo  Zharoatoykim 
ITaterialam,  Hr.  6,  Kiev,  1961*  pp«  38—58* 

64-74. 


S/700-61-0-6 


TMI  TRANSLATION  IS  A  RKMMTYOH  OP  TNC  OHMS 

HAL  POREMM  TEXT  WITHOUT  AMY  ANALYTICAL  OR 
IBITORIAL  COMM  KMT.  STATEMENTS  OR  THEORIES 

ntcPAmro 

ADVOCATED  OR  IMPLIED  ARE  THOSE  OP  THE  SOURCE 

AND  DO  HOT  HECESSARILY  REFLECT  THE  POSITION 

TRANSLATION  MW ON 

OR  OPINION  OP  THE  POREIOM  TECHNOLOGY  DI¬ 

FOREIGN  TECHNOLOGY  DIWON 

VISION. 

WP-AFtuOMKL 

Qgtg  18  April  J9  **- 


FTD-TF-  62-1825/1+2 


ST 


tabu  or  contents 


Pag* 

T.  Ya.  Kosolapova  and  G.V.  Savonov: 

CHEMICAL  PROPERTIES  AMD  METHODS  OP  ANALYZING  CHROMIUM  CARBIDES  2 

L.M.  Xugay: 

CHEMICAL  PROPERTIES  AMD  WTHODS  OF  ANALYZING  BORIDES  OF  TRANSITION 

AMD  RARE-EARTH  WTALS  10 

V.G.  Shcharbakov,  R.M.  Vaytsnan,  Z.R.  Stagando: 

ANALYSIS  0?  TITANIUM.  CHROMIUM  AMD  ZIRCONIUM  BORIDKS  20 

O.I.  Popova  and  G.T.  Kabaanik: 

CHEMICAL  PROPERTIES  AMD  ANALYSIS  OP  SOME  NITRIDES  30 

T.  Ya.  Eoaolapova,  L.M.  Eugay,  E.D.  Hodylavakaya: 

CHEMICAL  PROPERTIES  AMD  WTH0D8  OP  ANALYZING  CERTAIN  SILICIDE8  3$ 


fT£>TT- 


1 


CHfTlCAL  PH0FS3TIES  ATP  r^vglCDS  0?  ANALYZING 
CgjOOTUV  CARBIDES 

by:  T.  Ya*  Xosolanoba  and  G */.  Samsonov 
(institute  of  I!etnl  Ceramics  and  Special  Alloys) 

The  chro:rdtL^  carbides,  particularly  Cr^C^,  exhibit  low  specific  gravity* 

j  i 

high  hardness,  wear  resistance  ar.d  scale  resistance  / 1-4/*  Gn  this  account  alloys 
with  a  chromium  carbide  base  are  coin-only  used  in  a  number  of  industries  for  ranking 
parts  operating  at  high  temperatures. 

There  ere  few  data  available  on  the  behavior  of  chromium  carbides  in 
different  chemical  media  /V-fi/*  In  view  of  this,  we  made  a  study  of  the  solubility 
of  chromium  carbide  specimens  in  the  powder  and  compacted  form  in  a  variety  of. 
acidic  and  alkaline  media*  and  of  their  resistance  to  oxidation. 

The  carbides  Cr^C ^  Cr^C^  were  prepared  by  methods  described  in  detail 

in  /7-G/  «nd  Cr^^g  vas  wade  by  hot  pressing  a  mixture  of  ctiromium  end  carbon  vjth  a 
calculated  Moppaltia^at  1400*  for  30  minutes  at  l£o  kg/ cm2  in  on  argon  atmosphere. 
The  chemical  composition  of  the  carbides  used  is  shown  In  Table  1. 


Table  1 


Chemical  composition  of  caibides  used. 


Carbide 

Theoretical  composition,  % 

Composition  of  carbides  usedv  % 

Cr 

C 

Cr 

Cbond 

Cfree 

Cr>Cj 

86.67 

13.33 

86. 36 

13.39 

0.22 

CrxC» 

90.99 

9.01 

90. 78 

8.88 

0.22 

Cr»ci 

94.32 

5.68 

91.03 

5.80 

0.05 

Stability  In  acidic  and  alkaline  media 
The  *t*dy  of  chromium  carbide  powders  in  different  media  was  made  both 
at  room  temperature  and  during  heating.  The  size  of  the  powder  particles  was  5 
microns*  The  stability  of  the  compacted  specimens  was  studied  during  heating* 
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To  study  the  stability  of  carbides  at  room  temperature,  0*2  j  carbide 
powder  vas  treated  vith  JO  ml  solvent  and  Kept  for  48  hours  at  room  temperature.  The 

undissolved  residue  was  filtered  off,  dried  and  weighed,  *  the  chromium  content 

then 

in  the  solution  vas^detennined.  The  experimental  results  obtained  show  the  high 

j.  i 

stability  of  the  carbides  Cr^Cg  and  Cr^C^  and  the  lower  stability  of  the  carbide' . 

-  ‘‘‘ 

23  6  .  of  »ba^ 

Treatnent  by  acids,  iaolndlBSilxture s fSSTsolutions  of  alkali  at  elevated 
temperatures  vas  carried  out  by  heating  portions  of  the  carbides  ,(Q. 5  g)  in  a  flash 
with  a  reflux  condenser.  The  undis solved  residue  vas  filtered  off  and  velghed.  The , 
amount  of  chromium  in  the  solution  vas  determined  and  the  results  are  shown  in  Tables 
2,  3  and  4.  Table  3  gives  the  results  of  study  of  the  behavior  of  the  carbides 


Cr  C  and  Cr  C.  in  organic  adds. 

3  2  7  3 


Tablet 


Behavior  of  chromium  carbodea  In  mineral  acids  and  mixtures  of  them,  (heating  time  one  hour). 


Sulphuric  acid  (1.84) 
Sulphuric  acid  (1:1) 
Sulphuric  acid  (1:10) 
Sulphuric  and  nitric 
acid 

Hydrochloric  acid 
(1:1) 

Hydrochloric  and 
nitric  acids  (3:1) 
Hydrochloric  acid  and 
hydrogen  peroxide 
Phosphoric  acid 
CrO|  in  sulphuric 
acid 


280 
136  6.5 

105  95.3 


.  58.4 
6.51  27.8 


265 
137  1.6! 

100  13.6 


.  89.7 
1.62  87.9 


2.90  110 


3.49  85. 


7.40  106  93.8 


105  5.6 

112  95.5 

100  53.2 


It  follows  from  Table  2  that  Cr^  is  the  most  stable  carbide  and  Cr^C^ 
is  the  least  stable.  The  addition  of  oxidizers  to  adds  Inhibits  the  dissolution 


of  the  carbides  through  the  formation  of  a  passivating  chromium -oxide  film.  Pronoun* 
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ced  passivation  is  observed  in  the  most  chrordun-rich  carbide  Cr  „C,,  vhich  for 

23  6 


practical  mirposes  does  not  dissolve  in  mineral  acids  in  the  presence  of  oxidizers. 

Table  3 

Behavior  of  chromium  carbides  in  organic  acids  (heating  time  one  hour). 


Medium 

Tempera¬ 
ture,  *C 

Undissoived 
residue,  % 

Cr 

content 

in 

solution, 

% 

Tempera¬ 
ture,  *C 

Undissoived 
residue, '% 

Cr 

content 

in 

solution, 

% 

Tartanic  acid  (50% ) 

100 

99.9 

Not 

detected 

102 

99.7 

Not 

detected 

Citric  acid  (satur¬ 

100 

100.0 

Ditto 

108 

99.4 

Ditto 

ated  solution) 

Formic  acid  (con¬ 

118 

99.3 

Ditto 

120 

98.8 

Ditto 

centrated) 

Acetic  acid 

115 

98.8 

0. 31 

112 

98.9 

0.42 

Oxalic  acid  (satur¬ 

100 

98.5 

1.21 

104 

95.5 

3.99 

ated  solution) 

Table  4 

Behavior  of  chromium  carbides  in  alkaline  solutions  (heating  time  one  hour). 


Medium 

Temperature, 

•c 

Undissoived 
residue,  % 

Cr  content  in 
solution,  % 

Temperature, 

•c 

tj 

g  « 

®  3 

•3  2 

■g  ® 
fi  0 

Cr  content  in 
solution,  % 

© 

u 

1 

u 

& 

a 

Undissoived 
residue,  % 

Cr  content  in 
solution,  % 

110 

95.5 

4. 32 

110 

96.3 

3. 54 

104 

95.6 

NaOH,  30  solution 

110 

99.8 

same 

110 

96.1 

4.01 

— 

E9 

NaOH  and  bromide  water. 

106 

88.1 

7.6 

102 

85.9 

9.7 

104 

K&sil 

11.3 

Alkaline  solution 
K,[Ps(CN),) 

100 

61.5 

— 

100 

63.2 

— 

— 

H 

— 

For  our  study  of  the  behavior  of  compacted  carbide  specimens  8  mm  in  dia¬ 


meter  and  10  mm  high,  the  CarnfacU  were  heated  in  the  appropriate  solutions  in  flasks 
with  reflux  condensers  ;  the  chromium  content  in  the  solution  was  deter¬ 

mined  (Table  5). 

The  data  contained  in  Tcble  5  show  the  higher  stability  of  compacted  carbide 
specimens,  compared  vith  those  in  the  powder  form.  The  stability  of  Cr^C^  is  less 
than  for  Cr  C  and  Cr  C  .  In  mineral  acids  the  stability  of  Cr  C!  is  sharply  incre- 

7  3  3  2  23  6 

ased  by  the  presence  of  oxidizers. 

The  chemical  stability  of  chromium  carbides  is  related  to  their  crystal 
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Tsble  5 

Behavior  of  compacted  chromium  carbide  specimens  in  different  media  (one  hour). 


Medium 

u 

H 

fi 

el 

• 

! 

1  u 

fi 

O 

• 

• 

H 

i] 

os 

• 

1 

|i 

fa 

U 

• 

• 

e 

1 

H 

je 

J 

» 

\ 

]i 

k 

Sulphuric  acid  (1:1) 

136 

traces 

0.003 

125 

21.2 

26.4 

120 

23.0 

70.1 

Sulphuric  acid  (1:1) 

112 

0.21 

0.033 

110 

4.7 

7.5 

110 

19.2 

44.6 

Nitric  acid  (1:1) 

112 

Not 

— 

112 

0.06 

116 

Not 

— 

dstectsd 

O0I6CD0Q 

hydrochloric  and 

102 

0.33 

0.15 

106 

0.06 

0.036 

110 

Same 

0 

nitric  acids  (3:1) 

Sulphuric  and 

124 

— 

0.052 

130 

0.18 

0.14 

128 

Same 

6 

nitric  acids 

Phosphoric  and 

184 

Not 

— 

185 

0.41 

. - 

170 

22 

61.6 

sulphuric  acids 

detected 

Cbcalic  add 

130 

Same 

0.015 

135 

Not 

0.036 

132 

Not 

0 

detected 

detected 

Caustic  soda  and 

110 

0.23 

0.12 

115 

0.36 

— 

112 

0.43 

8.7 

bromine  water 

structure,  particularly  to  the  configuration  of  the  carbon  atoms  in  the  elementary 
cells.  Least  stable  is  the  carbide  which  exhibits  a  characteristic  isola¬ 

tion  of  the  carbon  atoms;  the  carbides  Cr^Cg  and  Cr^C^  are  much  more  stable  and  in 
their  stricture  the  carbon  atoms  form  chains,  Cr^C^  being  more  stable  and  having  a 
rhombic  cell  with  zig-zag  chains  of  carbon  atoms  similar  to  the  FeB  cell  /l/.  This 
observation  is  in  close  agreement  with  the  data  obtained  by  Markovskiy  and  Kbndrasbov 
/9/»  which  show  that  the  chemical  stability  of  the  borides  of  transition  metals  is 
increased  as  the  structural  elements  made  of  boron  etoms  grow  more  complex 

For  our  study  of  the  oxidation  resistance  of  the  chromium  carbide  powders, 
portions  weighing  0.5  g  were  burned  in  a  mars  furnace  in  an  oxygen  stream  at  temper¬ 
atures  ranging  from  400  to  1000*  (at  intervals  of  100*).  The  amount  of  oxidized 
carbon  was  determined  by  the  absorption- volumetric  method  and  characterized  the  deg¬ 
ree  of  oxidation.  In  order  to  obtain  comparable  results  in  calculating  the  amount 
of  carbon  burned  up,  the  overall  initial  content  in  each  carbide  was  taken  as  100£. 

The  results,  shown  in  Table  6,  indicate  that  the  oxidation  of  the  carbides 
proper  begins  at  700*,  and  It  is  only  the  free  carbon  which  is  oxidized  at  lower 


s 


temperatures 


1000*, 


Processing  of  the  data  obtained  for  oxidation  of  Cr  C  between  000  and 

'  3  2 

and  the  logarithmic  graph  plotted  to  show  the  oxidation  rate  as  a  function  of 


time,  indicate  that  the  oxidation  follows  a  parabolic  lew  and  can  be  expressed  by  the 
equations 


-1.091* 

<££  -  36,44r,  x. 
^-50,23*. 


The  oxidation  of  the  carbide  Cr  C  obeys  a  more  complex  logarithmic  law  and 

7  3 


is  e^opressed  by  the  equations 


Ifar  “B971gT  +  4; 
yw.  =  1961gt+  156; 
yIW0.-  1001gt  +  672, 


where  y  is  the  degree  of  oxidation  in  terns  of  the  amount  of  oxidized  carbon, 
t  is  the  oxidation  time  in  minut&e. 

The  oxidation  isotherm  for  the  carbide  with  the  lowest  carbon  content  at 
300*  is  expressed  by  a  parabolic  equation 

</J£  -  28,4t, 

and  at  °00  and  1000*  by  logarithmic  equations 


i^-lOOlgt+98; 

Pw  =  98*t+165. 

Hence  the  nature  of  the  oxidation  varies  with  the  carbide. 

The  compacted  specimens  were  oxidized  by  continuous  weighing  at  tempera¬ 
tures  between  800  and  1000*.  According  to  the  data  given  in  Table  7*  compacted 


specimens  of  the  carbide  Cr.C.  and  Cr__C,  do  not  oxidize  at  all  for  practical  purposes 

id  23  o 

at  temperatures  up  to  1000*.  Cr^C^  is  less  stable  and  already  oxidizes  appreciably 
at  800*,  following  a  logarithmic  law  expressed  by  the  equations 


y*#  ■»  1*5  Ig  t—  1*4; 
yw*  *  3*5  If  t  —  3,3; 

17J. 

The  study  of  the  resistance  to  oxidation  of  the  chromium  carbide  powders 
has  made  it  possible  to  work  out  a  method  of  determining  the  amount  of  free  carbon 
in  them. 

The  normally  used  method  of  determining  free  carbon  in  carbides,  which  is 
based  on  dissolving  the  carbide  in  a  mixture  of  nitric  and  hydrofluoric  acids,  in 
which  the  free  carbon  remained  in  the  form  of  an  insoluble  residue,  cannot  be  used 
in  the  given  case  since  chromium  carbides  do  not  dissolve  in  this  mixture.  Treating 
the  carbide  with  a  solution  of  CrO^  used  by  ISeyerson  and  Samsonov,  /lO/ 

for  determining  the  free  carbon  in  boron  carbide,  was  not  successful,  either,  on 

Only 

account  of  ^slight  solubility  of  the  carbides  in  this  mixture. 

The  theoretical  method  of  determining  the  free  carbon  used  so  far  in  based 
on  treating  the  carbide  with  hydrochloric  acid,  determining  the  chromium  and  carbon 
content  in  the  weighed  undissolved  residue,  which  constitutes  Cr^C^  and  free  carbon, 
and  then  calculating  the  amount  of  carbon  bonded  with  the  chromium,  and  the  free 
carbon.  The  method  is  not  very  effective;  it  is  tedious  and  involves  large  errors,  . 
end  when  the  free  carbon  content  is  small  (up  to  0.5^)  it  is  of  no  use  for  practical 
purposes. 

On  account  of  the  fact  that  the  oxidation  of  chromium  carbides  begins  at 
terjperatures  above  700°  it  has  been  suggested  that  the  free  carbon  oxidizes  at  lower 
temperatures. 

To  test  this  hypothesis  we  burned  the  carbides  Cr^C^  and  Cr^C^  with  a 
measured  soot  additive  at  600°.  The  results  of  the  experiments,  given  in  Table  8, 
show  that  at  this  temperature  the  free  carbon  is  fully  burned  up  in  30  or  40  minutes. 
Relative  error  in  this  determination  Is  5  -  8  £• 
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The  results  of  parallel  calculations  of  the  free  carbon  content  in  Cr^C^, 
and  Cr  show  the  satisfactory  reproducibility  and  possibility  of  applying  this 

method  to  the  analysis  of  chromium  carbides.  , 

.  ‘  '-t  'L  '  .•  •  ,  '  ..  ••• 

*’•  Oonclusioos  ‘  . 

1.  We  studied  the  behavior  of  chromium  carbide  specimens  In  the  powder 

4  .  •  *■  1 

■  r-  :  7  "  ■  ’  . 

i*.  •  '•  ;  •  ■-  4.  *  •  ■  .w  -  ,■  , 

*  *  .  '  ;  .  ..  .... 

and  compacted  form  at  room  temperature  and  when  heated  In  different’  chemical  media. 

It  was  established  that  in  order  of  descending  stability  In  mineral  acids, 

mixtures  of  them, and  solutions  of  alkalies,  the  carbides  can  be  arranged  In  the 

series  Cr  C  -Cr  C -Cr  _C„,  which  is  linked  with  their  crystal  structure. 

3  2  7  3  23  o 

The  stability  of  the  carbides  Is  Increased  In  the  presence  of  oxidizing 

agents,  and  in  this  case  they  can  be  arranged  In  the  sequence  Cr  C  -Cr  C  -Cr  C. 

3  2  7  3  23  6 

according  to  the  degree  of  Increase  in  stability. 

2.  We  studied  the  oxidation  resistance  of  chromium  carbide  specimens  In 
the  powder  and  compacted  form  act  tenperatures  up  to  1000°  in  an  oxygen  stream. 

It  was  found  that  the  oocldotlon  of  all  the  carbide  powders  begins  at  700*. 


The  lows  governing  the  oxidation  waxy  with  the  carbides. 


Contacted  specimens  of  carbides  Cr^Cg  and  are  not  oxidized  for 


practical  purposes  qp  to  1100*. 


Tables 


Results  of  experiments  on  oxidizing  chromium  carbides  with  soot  additives 

(temperature  600*  )*. 


Relative 
error,  % 

Cr,Cj  No.  1  +1.01%  C 

0.68 

1.21 

1.22 

1.22 

1.22 

0.08 

CrjCj  No.  1  +1.35%  C 

0.48 

1.41 

1.45 

1.45 

1.45 

7.8 

Cr,Cj  No.  1  +3.98%  C 

1.59 

3.61 

3.80 

3. 87 

3.90 

6.2 

Cr,C,  No.  1  +0.48%  C 

0.34 

0.47 

0.47 

0.47 

0.47 

0.47 

7.3 

Cr,C,  No.  1  +1.24%  C 

0. 46 

1.22 

1.31 

1.31 

1.31 

1.31 

3.1 

Cr,C,  No.  1  +1.61%  C 

1.10 

1.51 

1.55 

1.55 

1.55 

1.55 

5.5 

Cr,C,  No.  1  +2.24%  C 

1.33 

2.02 

2.11 

2.11 

2.11 

2.11 

7.0 

Mean  deviation . 

.  6.3% 

CrjCp  +1.12%  C 

0.54 

1.08 

1.23 

1.26 

1.26 

1.26 

5.8 

CrTC,  +1.27%  C 

0. 80 

1.31 

1.37 

1.37 

1.37 

1.37 

8.0 

CrTC,  +1.63%  C 

0.53 

0. 85 

1.54 

1.69 

1.69 

1.69 

8.7 

CrTC|  +2.46%  C 

0. 76 

2.02 

2.36 

2.43 

2.43 

2.43 

9.3 

CrTC,  +3.80%  C 

2. 30 

3.66 

3. 78 

3. 78 

3.78 

3.78 

5.8 

Mean  deviation . 

.  7.6% 

3.  A  method  of.  determining  the  amount  of  free  carbon  in  chromium  carbides 
has  been  worked  out  on  the  basis  of  our  study  of  their  oxidation  resistance. 
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CH3KTCAL  P30FEBTI5S  AITD  :-3TH0DS  0?  A!:ALY2U?G  BORIDBS 


0?  TRAIISmOII  Ain?  RARS-BABTH  METALS 
by:  L.  H.  Kugay 

(Institute  of  I'etal  Ceramics  and  Special  Alloys) 

The  "borides  of  transition  metals  in  the  fourth,  fifth  and  sixth  groups  of 
the  periodic  table  plus  the  "borides  of  rare-earth  elements  are  commonly  used  in 
various  branches  of  engineering  on  account  of  their  hardness,  heat  resistance  and 
special  electric,  magnetic  and  chemical  properties  /l,  2j, 

Tables  1  and  2  give  data  on  the  chemical  composition  of  the  borides  of 
transition  and  rare-earth  metals. 

Table  1 

Chemical  composition  of  borides  of  transition  metals. 


Ti-B 

Zr-B 

Nb-B 

Ta-B 

V-B 

Cr— B 

Mo— B 

W-B 

Ni-B 

TijB 

— 

Nb,B 

— 

— 

Cr,B 

MojB 

W,B 

Ni,B 

TiB 

ZrB 

NbB 

TaB 

VB 

CrB 

MoB 

WB 

NIB 

TIB, 

ZrB, 

NbB, 

TaB, 

VB, 

CrB, 

MoB, 

WB, 

Ni,B, 

Ti*B, 

— 

— 

— 

— 

Cr,Bj 

Mo,Bj 

— 

NIjB, 

TiB„ 

— 

— 

— 

— 

— 

MojB, 

W,B, 

— 

Our  studies  were  carried  out  with  titanium,  zirconium,  vanadium,  niobium 
and  chromium  diborides,  with  8X1(1  *2^5  8X1(1  the  ^exaborides  the  rare-earth 

elements. 

We  studied  the  stability  of  borides  in  acids.  Titanium,  zirconium,  nio¬ 
bium,  tantalum,  chromium,  vanadium,  molybdenum  and  tungsten  borides  are  stable  with 
respect  to  hydrochloric  acid.  When  heated  with  concentrated  sulphuric  acid,  zircon¬ 
ium,  niobium,  tantalum,  molybdenum  and  vanadium  borides  deconqpose,  while  chromium 
boride  is  decongposed  by  dilute  sulphuric  acid.  Vanadium  end  chromium  boride  dis- 
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solve  in  perchloric  acid.  Only  chromium  boride  dissolves  completely  in  hydrochloric 
acid.  Ve  studied  the  solubility  of  boride  in  aqua  regia,  the  mixtures  HgCgO^-tfLPg* 
HIJOj,  I^CgO^+^SO-j.,  Hd+bronine  vater,  HCL+HCIO^,  and  also  in  the  mixtures  HIJO^+HF 
and  HgSO^+HMO^.  The  least  stable  is  vanadium  boride,  vhich  partially  dissolves  in  all 
the  acids,  and  completely  in  nitric  acid.  The  most  stable  are  the  borides  of  niobium 
and  tantalum,  especially  tantalum  boride,-  vhich  is  not  decomposed  by  mineral  acids  or 
acid  mixtures. 

'  Practically  all  the  borides  mentioned  (with  the  exception  of  NbB^  and  TaB^) 

are  completely  decomposed  by  the  mixtures  EIJO^+HF  and  HgSO^-tBSO^. 

Table  $ 


Chemical  composition  of  borides  of 
rare-earth  elements. 


All  the  borides  are  easily  decomposed  by  melted  alkalies,  c arbor. etes  and 
bisulphates  of  alkaline  metals  and  sodium  peroxide. 

The  hexaborides  of  the  rare-earth  elements  can  be  comparatively  easily 
decomposed  by  acids  (Table  3).  In  dilute  nitric  acids,  all  the  hexaborides  decom¬ 
pose  rapidly  and  completely,  even  in  the  cold  state,  or  when  slightly  vanned.  They 
also  decompose  easily  in  a  mixture  of  perhydrol  and  nitric  acid,  and  in  a  sulphuric 
and  nitric  acid  mixture.  The  hexacarbides  jure  more  resistant  to  the  action  of  hydro- 
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Table  9 


chloric  and  sulphuric  acids. 


Solubility  of  borides  of  rare-earth  elements  in  acids  and  acid  mixtures. 


Boride 

ggg 

Aqua  regia 
(1:1) 

H,804  (1:1)  + 
•*  drops  HNO, 

In  soluble 
residue.  % 

HC1 

(1:1) 

(2  hr) 

<4«o« 

(1:1) 

(2  hr) 

LaB, 

Dissolves 

Dissolves 

Dissolves 

completely 

completely 

completely 

when  warmed 

when  warmed 

when  warmed 

for  5  minutes. 

for  5  minutes. 

for  5  minutes. 

93—94 

89-92 

CeBf 

The  Same 

The  Same 

The  Same 

84—86 

83-84 

SmBt 

ff  W 

»»  « 

W  tf 

79-80 

77 

YB, 

n  m 

It  ft 

t»  « 

77-78 

71-72 

NdBf 

tt  tt 

If  ff 

ff  tf 

87—88 

78 

PrBg 

tt  n 

ft  ff 

ft  »l 

90-94 

27-30 

OdB« 

«t  tt 

tt  ft 

tt  ff 

91-93 

87 

All  these  hexaborides  decompose  vhen  melted  together  with  caustic  alkalies, 
alkaline  octal  carbonates  and  sodium  peroxide. 

Analysis  of  borides  of  transition  metals 
In  the  borides  of  transition  metals  ve  determine  the  overall  amount  of 
boron,  metal  end  carbon,  and  in  the  case  of  certain  borides  the  content  of  free  boron. 

In  determining  the  total  mount  of  boron,  great  difficulties  are  experien¬ 
ced  in  decomposing  the  samples.  I  felting  them  with  soda  and  using  oxidizing  agents 
puts  platinum  crucibles  out  of  action  fairly  rapidly.  Ve  found  that  the  borides  of 
many  metals  can  be  decomposed  by  melting  them  with  a  mixture  of  alkali  end  a  small 
amount  of  sodium  peroxide,  or  with  sodium  peroxide  in  iron  crucibles. 

ilickel  boride  can  be  dissolved  In  nitric  acid.  'Then  the  sample  has  dis¬ 
solved  and  the  metal  has  separated,  the  boron  is  determined  volumetrically.  Many 
metals  can  be  separated  from  the  boron  by  precipitating  them  with  barium  hydroxide, 
barium  carbonate  or  calcium  carbonate. 

Verification  of  methods  of  separating  metals  from  boron  shows  that  the 
process  occurs  most  fully  when  barium  carbonate  is  used  for  the  precipitation,  hence 
we  used  this  substance  to  separate  titanium,  zirconium,  niobium,  tantalum,  chromium 
and  tungsten. 
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Ilickel*  vanadium  and  molybdenum  vere  separated  from  the  boron  by  extraction 
of  their  diethyl dithiccarbaiic  complexes  vith  chloroform,  Venadium  and  molybdenum 
can  also  be  separated  from  boron  by  precipitating  them  vith  barium  carbonate.  Vhen 
precipitating  vanadium,  it  is  essential  to  have  trivalent  iron  ions  in  the  solution* 
and  when  precipitating  molybdenum  there  must  be  trivalent  iron  ions  or  calcium  ions 
in  the  solution.  ihe  boron  in  nickel  boride  can  be  determined  without  separating 
the  nickel  if  ve  bind  it  vith  trilon  B  (table  4). 


Table  4 

Analysis  of  borides  of  transition  metals. 


As  soon  as  the  metals  have  been  precipitated  out*  the  boric  acid  Is  trans¬ 
formed  by  means  of  glycerine*  mannitol  or  invert  sugar  into  a  stronger  coiqplex  acid* 
which  is  then  titrated  vith  caustic  soda  in  the  presence  of  phenolphtaleln.  The 
best  results  are  obtained  by  using  mannitol  or  invert  sugar. 

To  determine  the  metals  in  titanium*  zirconium, vanadium  and  chromium 
borides,  the  weighted  portions  are  dissolved  in  a  mixture  of  H^SO^  and  WX>y  The 
solution  is  evaporated  until  SO^  is  given  off  and  the  metal  is  determined.  The 
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borides  of  niobium,  tantalum  and  molybdenum  are  decomposed  by  melting  them  vith  soft* 
ium  peroxide  in  a  nickel  crucible. 

Tungsten  boride  is  decomposed  in  a  platinum  bowl  in  a  mixture  of  H7  and 
HNOj.  lirconium,  niobium  and  tantalum  are  determined  by  the  gravimetric  method  by 
precipitation  with  cupferronate,  titanium  by  the  gravimetric  or  volumetric  method, 
and  vanadium  and  chromium  by  the  volumetric  method.  Molybdenum  la  precipitated  in 
the  form  of  lead  molybdenate.  Tungaten  is  aeperated  in  the  form  of  tungstic  acid. 

To  determine  nickel  the  method  of  titrating  with  versene  and  the  indicator  murexlde 
is  used. 

Analysis  of  borides  of  rare-earth:  elements 

In  the  borides  of  rare-earth,  elements  ve  determine  the  overall  amount  of 
boron,  rare-earth  element  and  carbon. 

Determining  rare-earth  elements  in  hexacarbldes  of  yttrium,  lanthanum, 
cerium,  praesodymlum.  neodymium,  samarium,  europium.  gadolinium.  terbium,  ytterbium 
and  in  thorium  hexaborldt. 

W  used  the  method  of  titrating  rare-earth  elements  with  a  versene  solution 
using  the  indicator  trsenaso  /4/.  A  portion  of  borlds  was  dissolved  in  nitric  a-j-d. 
The  solution  was  transferred  to  a  measuring  flask.  Alt  aliquot  part  of  the  solution 
vas  removed  and  placed  in  a  conical  flask,  3  to  5  drops  of  pyridine  were  added,  the 
solution  was  diluted  with  water,  neutralized  with  ammonia  until  the  pH  value  was  6  or 
7*  “two  drops  of  arsenazo  solution  were  added  and  the  rare-earth  element  0*02  M  was. 
titrated  with  a  versene  solution  until  the  violet  tinge  turned  pink.  Thorium  was 
titrated  at  a  pH  value  from  2  to  4. 

Determining  boron  In  the  borides  of  rare-earth  elements. 

Ve  developed  a  method  of  determining  boron  in  the  borides,  of  rare-earth 
elements  without  precipitating  out  the  latter. 


Rare-earth  elements  can  oe  bound  into  a  complex  compound  oy  versene  and  do 


not  prevent  the  boron  being  determined  by  the  volumetric  method*  The  boron  is 


determined  in  the  following  vqy.  with  a  pipette  ve  remove  aliquot  part  of  the 


solution  from  the  measuring  flask  (see  determination  of  rare-earth  elements)  and 


trsnfer  it  to  a  conical  flask*  add  from  a  burrette  exact  number  of  mililiters  of 


0.02  m  versene  solution  required  to  bind  the  rare-earth  element;  the  solution  is  thej 


neutralized  with  caustic  soda  using  methyl  red,  after  which  the  boron  is  determined 


.JUsualjby  titration  with  a  0.1  n  caustic  solution  plus  invert  sugar  and  mannitol, 


using  phenolphtalein  as  the  indicator . 


At  the  sane  time  ve  deteruine^fboron  after  precipitating  out  the  rare-earth 


elements  with  barium  carbonate.  Results  a  little  too  high  were  only  obtained  in  the 


case  of  samarium  hexaboride  (0.5  •  l.O'/S),  hence  ve  recommend  determining  the  boron 


in  samarium  boride  after  .precipitating  out  the  samarium  vith  barium  carbonate.  Tabl< 


5  shows  the  analysis  of  rare-earth  element  borides  in  schematic  form. 

Analysis  of  hexaborides  of  rare-earth  elements  and  thorium* 


Weighed  portion  dissolved 
In  HNOj 


Tables 


Rare-earth  element 
titrated  with  versene 
and  arsenazo  at 
pH=*-7. 


1 


Thorium  titrated  with 
versene  and  arenazo 
at  pH  =2-4. 


Rare-earth  element 
bonded  with  versene 


Thorium  precipitated 
out  with  barium  car¬ 
bonate 


Boron  determined 
volumetrically. 

Determining  free  boron  in  borides  of  transition  end  rare-earth 


petals 

Amorphous  boron  may  be  oxidized  by  a  number  of  agents  into  boric  acid. 
Among  these  oxidizing  agents  are  potassium  permanganate  /$/,  quadrivalent  cerium 
sulphate  /6/,  a  mixture  of  perhydrol  and  nitric  acid  /'jf  and  also  potassium  iodate 
and  periodate  /8/* 


IS 


At  an  earlier  stage  our  laboratory  developed  a  method  or  determining  the 
free  boron  in  boron  jarbide  J$/  based  on  the  different  oxidiblllty  of  free  boron 
and  carblde'bonded.  htyroo*  - 

In  this  piper  ve  studied  the  ratio  of  the  borides  of  transition  cetals 
TiBg,  ZrBg,  CrBg,  NbBg*  W2B5  and  the  hexaborldtfT.Qf  rare-earth  elements  YBg,  LaBg, 
CcBg,  PrBg,  NdBg,  SE3B5  and  GdBg  Ah  the  various  'oxidizing  mixtures  able  to  oxidize 
amorphous  boron.  As  mixtures  of  this  kind,  ve  used  perhydrol  and  nitric  acid, 
sulphuric  add  solution  of  potassium  lodate,  and  a  sulphuric  add  solution  of  cerium 
aulphats. 

*t  vas  assumed  that  on  the  basis  of  the  different  degrees  of  stability  of 
free  boron  and  the  enumerated  borides  vlth  respect  to  different  oxidizing  mixtures, 
it  vould  be  possible  to  develop  a  method  determining  the  amount  of  free  boron  in 
these  borides* 

Stability  of  borides  in  perhydrol  end  nitric  add 


solutions 


It  haB  been  found  by  study  of  the  behavior  of  different  borides  in  a  per- 
hydrol-nitric  add  mixture  that  zirconium  diboride  is  the  most  stable  compound  with 
respect  to  this  solvent.  The  remainder  of  the  borides  discussed  are  either  complet¬ 
ely  decomposed  by  this  mixture  (YBg,  LaBg,  CeBg,  PrBg,  HdSg,  SmBg,  GdBg)  or  else 
partially  (CrB^,  TiB^,  W^B  ),  hence  oxidation  by  a  perhydrol  and  nitric  acid  mixture 
vas  only  studied  for  the  case  of  zirconium  diboride.  The  tine  over  vhlch  the  spec¬ 
imens  vere  treated  with  H^O^+HHO^  ranged  between  30  end  60  minutes.  •  A  perhydrol  mix¬ 
ture  (1:2  and  1:3)  vlth  10  drops  of  nitric  add  vas  used  for  the  dissolving*  Exactly 
the  same  amount  of  boron  goes  into  the  solution,  no  matter  for  how  long  the  diboride 
is  treated  or  how  concentrated  the  perhydrol  (Table  6). 

The  residue  obtained  after  the  first  treatment  vlth  the  perhydrol-nitric 
acid  solution  vas  treated  for  a  second  time  vlth  the  same  mixture  far  the  same  amount 
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of  ti:.ic.  Durfr-j  the  ce  z^r.d  treatment  of  the*  zir^Cni u::.  liberi it  viwh  the  c:d.  11  zinc 
mixture  the  ccron  ill  net  transfer  tc  the  solution. 


In  order  to  test  the  suggested  method  ve  carried  out  a  number  of  deter¬ 
minations  ef  the  free  boron  in  artificial  mixtures  of  Zr32+ amorphous  boron  (Table  7) 

Table  6 

Dissolution  of  ZrB2  in  mixture  of  perhydrol  and  nitric  acid. 


Mixture  of  20  ml  perhydrol  (1:3)  plus 

10  drape  nitric  acid 

Mixture  of  20  ml  perfrydrol  (1:2) 
plus  tO  drops  of  nitric  acid 

No.  of 
specimen 

Portion,  g 

Treatment 
time,  min 

(96)  free 
boron 

Portion,  g 

Treatment 
time,  min 

(76)  free 
boson 

j 

u.i.9 

1.0 

0.085 

* 

1.0 

0.085 

1 

1.0 

IHlJ 

!  u,»VS5 

1.0 

o 

0,5 

0 

j  0.1^ 

1.0 

0,5 

■  5 

i  o,<$ 

1.0 

l.u  : 

J*) 

None 

1  i.'“ 

30 

None 

•<5 

i 

j 

1  A,u 

45 

.* 

10  j 

tiO 

i 

i.'j  ‘ 

60 

* 

l 

03  ! 

30 

1  > 

Table  7 

Determining  free  boron  in  artificial  mixtures  of 
ZrB2^amorpbous  boon 

(dissolved  in  mixture  of  perhydrol  (1 : 3)  plus  10  drops  HNO3) 


Portion,  g 

Free  boron 
content,  76 

Boron  added, 
mg 

i 

Boron 

obtained, 

mg 

Relative 
error,  76 

i 

M  ! 

83 

-  *.-K 

03 

»  — . 

14.9  ; 

15,u 

-0.2 

03 

— 

2ii.o  1 

2\»,3 

— 1,5 

03  1 

— 

23.1  i 

223 

03  1 

— 

303  • 

5S,9 

—Ml 

03 

_ 

■J3.0  ! 

i2.5 

03 

— 

;  A0  i 

—v.2 

03 

;  -  ; 

|  51,0 

503 

—  3 

Consequently,  the  free  boron  in  zirconium  diboride  can  be  determined  with 
fair  accuracy  by  the  following  method.  1  g  of  ZrB^,  is  dissolved  in  a  mixture  of 
20  ml  perhydrol  vith  10  drops  of  nitric  acid  for  30  or  40  minutes.  The  residue  is 
filtered  off,  the  filtrate  is  neutralized  vith  caustic  soda,  using  methyl  red  as  the 
indicator,  and  the  boron  is  then  determined  as  usual  by  titration  vith  a  0.1  n  or 
0.01  n  caustic  soda  solution. 

Stability  of  borides  In  acid  solutions  of  potassium  io&gte  and  cerium 
sulphate 

According  to  published  data  /6 /,  the  diborides  of  chromium,  titanium  and 
zirconium,  as  veil  as  boron  nitride  and  carbide  do  not  dissolve,  either  in  the  cold 
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or  vhen  heated,  In  acid  solutions  of  potassium  1 elate  and  periodate.  At  the  sane 
tlise  data  is  cited  to  the  effect  that  elementary  boron  can  be  fairly  easily  turned 
jjto  a  solution  vhen  acted  upon  by  these  oxidizing  agents. 

Ve  attempted  to  use  sulphuric  add  solutions  of  potassium  iodate  end 
periodate  as  reagents  for  determining  the  free  boron  in  chromium,  titanium  and 
zirconium  boriles,  and,  if  it  proved  possible,  in  the  hexaborldes  of  the  rare-earth 
elements* 

Our  experiments  shoved  that  titanium,  zirconium  and  chromium  borides  are 
partially  decomposed  by  a  sulphuric  add  solution  of  potassium  iodate.  The  hexa¬ 
borldes  of  the  rare-earth  elements  are  totally  decomposed  by  a  sulphuric  acid 
solution  of  potassium  iodate  vhen  slightly  warmed. 

Similarly,  nil  the  borides  studied  are  unstable  in  acid  solutions  of 
cerium  sulphate. 

Thus,  acid  solutions  of  cerium  sulphate  and  potassium  iodate  cannot  be 
used  to  determine  the  free  boron  in  borides. 

Conclusions 

1.  Ve  developed  a  method  of  determining  boron  in  the  borides  of  titanium, 
zirconium,  niobium,  tantalum,  chromium,  tungsten,  molybdenum,  nickel  and  vanadium, 
liickel  boride  is  decomposed  by  nitric  acid,  while  the  other  borides  are  decocjposed 
by  melting  them  with  alkalies  in  iron  or  nickel  crucibles. 

To  separate  titanium,  zirconium,  niobium,  tantalum,  chromium  or  tungsten 
from  boron,  ve  can  use  barium  carbonate,  and  to  separate  nickel,  molybdenum  and 
vanadium  from  boron,  ve  extract  their  dlethyldlthlocarbamate  complexes  with  chloro¬ 
form. 

To  separate  molybdenum  and  vanadium  from  boron  ve  can  precipitate  vlth 
barium  carbonate  in  the  presence  of  Ca®“  or  Fe^+  ions  (for  molybdenum)  and  in  the 
presence  of  Fe^+  ions  (for  vanadium). 


If 


As  soon  as  the  metals  have  been  separated  from  the  boron,  the  latter  can 
be  determined  all: alimetri colly  in  the  presence  of  invert  sugar, 

2.  A  rational  method  is  given  for  analyzing  the  borides  of  rare-earth 
metals.  A  weighed  portion  of  boride  is  dissolved  in  nitric  acid.  The  rare-earth 
element  and  the  boron  ore  determined  from  the  aliquot  parts:  the  rare-earth  elements 
by  titration  with  versene  with  the  indicator  arsenozo,  and  boron  in  determined  alkali 
metrically  after  being  bound  into  a  rare-earth  element  complex  with  an  exact  amount 
of  versene. 

3.  V;e  have  developed  a  method  of  determining  free  carbon  in  zirconium 
diboride  based  on  the  different  degrees  of  oxidibility  of  free  boron  and  boron 
bound  by  a  mixture  of  perhydrol  and  nitric  acid. 
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Dlegolutlon 

nie  borides  of  transition  metals  constitute  a  class  of  compounds  somewhere 
between  the  internet  alii  c  and  interstitial  phases  /l/.  They  are  very  close  to  the 
carbides  in  chemical  properties.  A  characteristic  feature  of  both  is  high  resist¬ 
ance  to  the  action  of  acids  both  in  the  cold  state  as  well  as  when  heated. 

Borides  can  easily  be  decosposed  by  fused  alkalies,  bisulphates  and  car¬ 
bonates  of  alkaline  metals.  This  property  is  utilized  in  analytical  practice  to 
decompose  the  borides. 

But  the  melting  of  them  together  with  caustic  soda  and  sodium  peroxide  in 
nickel  and  iron  crucibles  gives  rise  to  a  number  of  practical  difficulties  and  hardly 
meets  the  requirements  of  mass  analysis. 

The  aim  of  our  research  was  to  find  a  simpler  method  of  decomposing  the 
borides  and  then  determining  their  conqponents. 

Ve  found  that  the  borides  and  biborides  of  chromium,  titanium  and  zirconium 
are  quantitatively  decomposed  by  sulphuric  acid  in  the  presence  of  perhydroi.  The 
reaction  is  evidently  as  follows: 

2TlB+7H202+2H2S04«2TiOg04+2H3B0346H20. 

Our  experiments  show  that  for  complete  dissolution  of  titanium  and  zircon¬ 
ium  borides  in  a  mixture  of  sulphuric  acid  and  perhydroi  ve  need  only  heat  them  until 
S03  is  generated;  chromium  borides  have  to  be  dissolved  for  another  3  to  5  minutes 
after  the  S03  vapor  is  given  off  and  the  chromium  ions  acquire  a  color  (+3). 

At  the  same  time  ve  verified  the  volatility  of  boron  when  borides  are  dis¬ 
solved  in  a  flask  with  a  reflux  condenser  and  also  without  one.  The  boron  content 
was  determined  by  the  volumetric  method  -  by  titration  of  the  solution  with  alkali  In 

* 1 

•  ••'  &  • 
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the  presence  of  phenolphthaie In  ana  mannitol.  The  experiments  shoved  th*  in  the 
presence  of  hydrogen  peroxide  no  boron  is  lost  through  evaporation. 

In  this  vay,  the  borides  can  be  dissolved  In  a  mixture  of  sulphuric  acid 
and  hydrogen  peroxide  in  an  open  flask  provided  the  heating  ends  at  the  moment 
sulphuric  acid  vapor  is  given  off.  3ut  If  further  heating  of  the  sulphuric  acid 
solution  is  requled  to  complete  the  dissolution,  the  flask  with  a  cork  and  a  reflux 
condenser  most  be  used  since  in  this  case  there  nay  be  losses  in  boron  through  evap¬ 
oration.  The  data  ve  obtained  on  the  volatility  of  boric  acid  are  in  agreement  with 
data  already  published  /</. 

Determining  the  boron 

The  usual  nethod  of  determining  boron  in  the  filtrate  after  precipitation 
of  the  metal  component  in  the  boride  vith  barium  carbonate  vas  not  applied  in  this 
case  since  the  boride  had  been  dissolved  in  sulphuric  acid.  Hence  ve  used  two  ver¬ 
sions  of  the  method  of  determining  the  boron: 

.  l)  titration  vith  alkali  in  the  presence  of  a  cation  ccnplexed  by  an  organ¬ 

ic  oxy-acid; 

2)  titration  of  the  boron  in  the  filtrate  after  precipitation  of  the  cat¬ 
ion  by  an  alkali  in  the  fora  of  the  hydroxide  of  the  corresponding  metal. 

As  complexly  ajed^for  cations  or  the  metals  titanium,  zirconium  and 
chromium,  ve  tested  oxalic,  tartaric  end  citric  acids.  Comparative  tests  shoved  that 
the  best  results  vere  obtained  vhen  titrating  the  boron  in  the  presence  of  tartaric 
acid,  which  vas  used  from  then  on  in  our  analysis. 

A  clear  art  change  in  the  color  of  the  indicator  at  the  point  of  equivalence 
is  ensured  by  adding  a  small  excess  of  mannitol  to  the  solution.  The  data  obtained 
for  the  determination  of  boron  in  titanium  and  zirconium  borides  in  the  presence  of 
tartaric  acid  are  shown  in  Table  1. 
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Tab}*  1 


Dctermtotof  bo— a  to  titanium  and  zirconium  borides  (tltfiHw 
to  proaappa  of  tartaric  acid  and  pbsndt— tobtf. 


BoimoMtcnt 
to  apMtoMt,  % 

to  apeetoastt.  % 

If 

NUMflf  — — 

1  I 

,  *  .  *  t 

15.95 

15.10 

+0.12 

TMwOmMio 

15.  M 

10.54 

*1.75 

•9  •  ;  m  .*•  • 

15.05 

15.21 

♦0.55 

*v ;  ‘  ■  '  m  ■  • 

•  t 

N.T4 

29.05 

-0.97 

’ 

It.  TO 

15.54 

♦0.39 

t»  .  . -,00  7 

* 

15.  TO 

25.74 

0 

•9  /  ^  99  *  -  (  // 

t.$t 

5.24 

♦1.09 

Tit— iw b—tto .  ■ 

1.25 

1.20 

-0.50 

n  .  *  , 

1.15 

5.05 

-1.91 

n ' '  \m  ' 

'  r  ‘  ,  i 

5.T5 

5.51 

♦1.72 

n  n 

5.T5 

5.76 

-0.62 

97  99 

24.72 

24.60 

-0.49 

Titanium  dtoiii 

i 

These  dots  suggest  that  the  titration  of  boron  in  the  presenoe  of  a 


con’plexing  agent  is  sufficiently  accurate  and  reliable  for  the  metal  Ion.  A  short- 
cooing  of  the  metal  is  the  large  consumption  of  mannitol.  In  the  ease  of  chromium 
boride,  this  method  could  not  be  used  since  chromium  solutions  are  strongly  colored. 
The  second  method  ue  suggest  consists  in  separating  the  metals  by  precip¬ 
itation  by  alkalies  in  the  form  of  hydroxides.  The  solution  plus  the  hydroxide 
residue  are  transferred  to  a  measuring  flask,  topped  up  with  water  and  allowed  to 
settle.  An  aliquot  part  of  the  solution  is  filtered  off  through  a  dry  filter, 
acidulated  to  the  extent  of  a  slight  acid  reaction  and  the  excess  acid  is  titrated 
with  0.1  m  solution  of  alkali  with  methyl  red  as  the  indicator.  Mannitol  Is  then 
added  and  the  boric  acid  is  titrated  in  the  presence  of  phenolphthtf .eln .' 

When  analyzing  chromium  boride  the  trivalent  chromium  is  precipitated  by 
alkali,  the  pH  value  of  the  solution  is  strictlyy  (caustic  soda  is  added 

until  the  color  of  the  phenolphthaleln  changes)  and  the  solution  is  boiled*  Boiling 
the  solution  promotes  hydrolysis  of  the  chromite  with  the  formation  of  chroadum 
hydroxide  » 

NaCr0g-*Cr0g+2H  O-CrfOHjj-HJH^j 
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Table  2  shows  data  for  the  determination  of  boron  by  this  method  in  artifi 


clal  mixtures  of  borides  and  the  standard  boric  acid  solution. 

Table  2  , 

Determining  boron  in  mixtures  of  borides  and  standard  boric  acid  solution 

(0. 2  g  boride). 


Boron  contained 
in  weighed 
boride,  mg 

Boron  added, 
mg 

Boron  content 
with  additive, 

mg 

Boron  found, 

mg 

Relative 
error,  % 

TiBj 

56.0 

5.4 

61.4 

62.0 

+0.97 

8.64 

64.64 

64.3 

-0.52 

18.36 

74.36 

75.0 

+0.86 

21.60 

77.60 

77.7 

+0.13 

ZrB 

13. 76 

18.36 

32.12 

31.90 

-0.68 

10.80 

23.56 

24. 80 

+0.97 

21.60 

35.36 

35.50 

+0.39 

18.36 

32.12 

32.20 

+0.24 

Boride 

25. 50 

10. 80 

36.30 

35.90 

-1.10 

chrome 

6.48 

31.98 

31. 10 

-2.75 

16.20 

41. 70 

42.10 

+0.95 

• 

8.60 

34. 10 

33.60 

-1.46 

Determining  titanium 


Titanium  obtained  by  dissolving  titanium  boride  or  diboride  in  a  mixture 
of  sulphuric  and  perhydrol  is  reduced  to  the  trivalent  state  vith  zinc  metal  in 


Somey’s  apparatus  (see  drawing). 

Table  3 


Comparative  determination  of  titanium  in  titanium  borides  (TiBj  *od  TiB). 


Titanium  content 
in  boride,  % 
(amalgam  method) 

Titanium  obtained,  % 

Error,  % 

By 

titrating  with 
ferric-ammonium 
sulphate 

By  titrating 
with 

potassium 

bichromate 

Absolute 

Relative 

67.30 

67,34 

— 

0.04 

+0.06 

67.30 

67.18 

— 

0. 12 

-0.17 

67.30 

67.15 

— 

0.15 

-0.22 

67.30 

1  — 

67.13 

0.17 

-0.25 

67.30 

— 

67.15 

0. 15 

-0.22 

73.55 

73.56 

— 

0.01 

+0.01 

73.55 

73.32 

— 

0.23 

-0.31 

73.55 

_ 

73.36 

0.19 

-0.26 

73.55 

... .  ....  ■ 

73.54 

0.01 

-0.01 

73.55 

— 

73.36 

0. 19 

-0.26 

The  determination  is  completed  by  one  of  two  versions  of  the  volumetric 


method: 
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a)  ty  di.  act  titration  vith  a  solution  of  ferric- aranonium  sulphate  in  the 
presence  of  a  rodanlde  ion  as  the  indicator; 

h)  titration  of  bivalent  iron  ions  reduced  with  Ti"'  ions  by  a  solution 
of  potassluo  bichromate*  ‘ */  '  y- 

Both  versions  vere  checked  vith  a  standard  solution  of  titanium.  Table  3 
shows  data  for  comparative  determination  of  titanium  in  titanium  borides* 

Determining  chromium  ' 

A  solution  of  chromium  sulphate  obtained  vhen  chromium  boride  has  been 
dissolved  in  a  mixture  of  sulphuric  acid  in  perhydrol  vas  neutralised  until  the  . 
reaction  vas  slightly  alkaline,  after  v/hich  the  chromium  was  oxidised  with  hydrogen 
peroxide.  The  excess  oxidising  agent  vas  destroyed  by  boiling  the  alkaline  solution 
for  a  few  minutes.  The  chromate  solution  obtained  vas  acidulated  and  as  soon  as 
phosphoric  acid  had  been  added,  vas  titrated  vith  a  Itohr’s  salt  solution.  The  titer 
for  the  latter  vas  verified  with  a  potassium  bichromate  solution  especially  prepared 
on  the  day  of  the  analysis.  The  titration  vas  carried  out  in  the  presence  of  diphenyl- 
aminosulphanate  of  sodium. 


The  results  of  the  determination  of  chromium  in  chromium  borides  ere  shovn 


In  Table  4. 


Table  4 


Comparative  determination  of  chromium  in  chromium  boride. 


Chromium  content  in 

Chromium  content  in 

boride,  % 

boride,  % 

Determined 
after  boride 
in  melted 
with  soda 

Determined 
after  acidic 
composition 

Relative 
error,  % 

Determined 
after  boride 
is  melted 
with  soda 

Determined 
after  acidic 
composition 

Relative 
error,  % 

80.64 

80.64 

0.0 

64.32 

64. 33 

40.02 

80.64 

80.64 

0.0 

64. 32 

64.33 

40.02 

80.64 

80.64 

0.0 

64. 32 

64.54 

40.34 

80.64 

80.56 

-0. 09 

59.16 

59.41 

40.42 

81.24 

81.47 

40. 28 

59.30 

59.44 

40.23 

81.54 

81.54 

0.0 

59.30 

59.30 

0.0 

81.23 

81.47 

40.28 

59.30 

59. 30 

81.23 

81.46 

40.24 

81.24 

81.47 

40.24 

81.23 

81.48 

40. 30 

81.24 

81.54 

40.37 

Determining  zirconium 


The  method  Is  based  on  the  reaction  between  zirconium  and  versene.  The 
sulphuric  acid  solution  of  zirconium  obtained  when  zirconium  boride  was  dissolved  in 
a  mixture  of  sulphuric  acid  and  perhydrol  was  boiled  to  change  the  zirconium  .ion  into 
a  zirconil  ion  2r0^+. 

The  zirconium  content  in  the  solution  obtained  was  determined  by  the  reverse 

titration  method,  for  which  excess  versene  was  added  to  the  ZrOSO.  solution.  The 
'  4 

solution  was  neutralized  with  ammonia  in  the  presence  of  Congo  red  until  the  pH 
value  was  5-  Sulphosalicylic  acid  was  the  indicator  and  the  excess  versene  was 
titrated  with  a  titrating  solution  of  ferric-ammonium-sulphate. 

The  results  of  the  eomplexometric  determination  of  zirconium  in  zirconium 
borides  and  mixtures  of  zirconium  borides  with  a  standard  solution  of  the  latter  show 
the  fairly  high  accuracy  and  reliability  of  the  method  (Table  5  and  6). 
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the  solution  and  titrated  vith  a  0,1  m  alkali  solution  until  it  turns  yellow,  after 
which  mannitol  is  added  and  the  titration  is  continued  vith  alkali  using  phenol- 
phtholein  as  the  indicator,  and  touting  this  to  he  the  comcacenent  of  the  horon  tit¬ 
ration.  titration  is  corpleted  if  the  addition  of  a  nev  portion  of  mannitol  does 
not  retaove  the  pink  color  of  the  solution. 

Determining  horon  {version  II ).  'Ihe  sample  is  dissolved  in  the  sane  vay 
as  in  I.  2  nn  Ip  solution  I'chr’s  salt  and  10  ml  5$  solution  tartaric  acid  are  added 
to  the  sulphuric  acid  solution  obtained  and  the  resulting  solution  is  neutralized  with 
a  20p  caustic  soda  solution.  10  ml  0.1  n  sulphuric  acid  solution  is  added,  the 
resulting  solution  transferred  to  a  200  ml  measuring  flask  and  topped  up  to  the  mark'. 
An  aliquot  part  of  the  solution  (50  ml)  is  titrated  vith  a  0.1  n  solution  of  all: all 
until  the  phenolpkthalein  turns  it  red,  after  which  excess  mannitol  is  added  and  the 
titration  continued,  taking  this  to  he  coamencement  of  the  horde  acid  titration. 

Determining  zirconium.  0.05  g  zirconium  boride  is  dissolved  by  heating  in 
a  mixture  of  20  ml  hydrogen  peroxide  and  20  t£L  sulphuric  acid  (l:U).  As  soon  as  30^ 
vapor  begins  to  be  given  off,  the  specimen  is  entirely  dissolved*  the  solution  is 
cooled  and  carefully  topped  up  vith  water  to  50  ml.  20  ml  0.02  M  versene  solution  is 
added  to  it  and  neutralized  vith  ammonia  until  the  congo  paper  turns  violet,  an 
attempt  being  made  to  avoid  excess  ammonia.  The  solution  is  heated  up  to  70°,  1.5  6 
sulphosalicylic  acid  is  aided  and  titrated  vith  0.04  n  solution  of  ferric- ammonium 
suilphate  until  it  turns  from  lemon  yellov  Ijo  red  yellow.  The  zirconium  is  calculated 
from  the  equation 

Zr ...  W5l=*&  *1 


vhere  11  is  the  molarity  of  the  versene  solution;  v^  is  the  volume  of  the  same  solutica 
added  to  the  flask  prior  to  titration,  ml;  is  the  volume  of  the  ferri c- ammonium 
sulphate  solution,  ml;  k_  is  the  conversion  factor  (ratio  of  molarity  of  ferric- 
ammonium  sulphate  solution  to  molarity  of  versene);  T  is  the  titer  of  the  versene  vitl 
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respect  to  zirconium,  gf mlj  a  is  the  portion  of  boride  in  g. 

Determining  chromium.  0.1  g  chromium  boride  is  dissolved  by  heating  in 
20  ml  of  a  mixture  of  hydrogen  peroxide  and  20  ml  sulphuric  add  (1:4).  The  heating 
is  completed  in  3  or  5  minutes  as  soon  as  30^  vapor  begins  to  appear,  and  the  Cr'>* 
ion  turns  green.  The  solution  is  cooled,  diluted  with  water  and  neutralized  with  a 
205#  solution  <f  caustic  soda  with  Congo  paper  as  the  Indicator.  Ve  then  add  4  ml 
hydrogen  peroxide  and  boll  for  5  to  7  minutes  until  the  chromium  is  completely 
oxidized.  The  yellow  chromate  solution  is  neutralized  with  a  sulphuric  acid  sol¬ 
ution  (1:4)  with  the  seme  indicator,  this  time  adding  5  ml  excess.  The  solution  is 
transferred  to  a  250  ml  measuring  flask  and  topped  up  to  the  mark  with  water.  To 
the  aliquot  part  of  the  solution  (50  ml)  we  add  1  ml  orthopho sphor i c  acid  and  titrate 
the  chromium  with  a  0.1-n  Mohr's  salt  solution  in  the  presence  of  sodium  diphenyl - 
sminosulphonate  as  the  indicator.  The  total  amount  of  solution  for  the  titration 

*  •* 

should  be  about  150  ml. 

Determining  titanium.  0.05  g  boride  is  decomposed  by  heating  in  a  mixture 
of  20  ml  hydrogen  peroxide  and  20  ml  sulphuric  acid  (l : 4 )  until  sulphuric  anhydride 
vapor  appears  and  the  boride  is  completely  dissolved.  The  liquid  is  then  cooled  and 
cautiously  topped  up  with  up  to  20  ml  water.  The  solution  is  transferred  qualitatively 
from  the  flask  into  a  Somey  apparatus,  where  it  is  diluted  with  wash  water  until  the 
total  volume  of  liquid  in  the  apparatus  is  50  ml.  Reduction  of  the  titanium  by  zinc 
metal  in  the  Somey  apparatus  lasts  25  minutes. 

Just  before  the  reduction  is  complete ,  the  apparatus  is  connected  to  a 
Kipp’s  apparatus  and  a  stream  of  carbon  dioxide  is  passed  through.  The  reduced  sol¬ 
ution  is  poured  off  through  the  bottom  tube  in  the  apperatus  into  a  conical  flask 
containing  40  ml  water  saturated  with  carbon  dioxide.  10  ml  505»  solution  ammonium 
rhodanate  is  added  and  the  reduced  titanium  is  titrated  in  a  carbon  dioxide  stream 
with  a  0.05  solution  of  ferric- amnonlum  sulphate  until  it  turns  red. 
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Conclusions 


1.  A  method  has  been  developed  for  acidic  decomposition  of  titanium* 
chromium  and  zirconium  borides. 

2.  A  method  has  been  developed  for  volumetric  determination  of  the  boron 
in  borides  without  the  usual  preseparation  of  the  elements. 

3.  The  possibility  has  been  shown  of  the  volumetric  complexometric 
determination  of  zirconium  in  a  sulphuric  acid  solution  of  zirconium  boride. 

4.  A  method  has  been  put  forward  for  non-amalgam  reduction  of  titanium 
followed  ty  determination  of  it  by  the  reductometric  method. 


CRITICAL  PROPERTIES  AND  ANALYSIS  OF  SOME  I 


>Qr:  0.  I.  Popova  and  G.  T.  Kabannik 
(Institute  of  Metal  Ceramics  and  Special  .'Hoys) 

The  nitrides  of  high»melting  metals  as  veil  as  those  of  boron  and  silicon 
are  of  Great  practice!  importance,  /or  example,  titanium,  zirconium,  niobium,  tanta¬ 
lum,  vanadium,  chromium,  silicon  and  boron  nitrides  possess  high  electric  resistance 
and  are  threfore  used  in  electrical  engineering.  Turthermore,  they  are  employed  to 
male  refractories,  high-temperature  heating  alloys  and  so  on  /l/.  The  adoption  of 
high  melting  compounds  makes  it  necessary  to  study  their  chemical  properties  thorough¬ 
ly  and  to  work  out  rational  methods  of  analyzing  then. 

In  this  paper  we  consider  some  of  the  chemical  properties  and  methods  for 
analyzing  the  following  nitrides:  BN,  Si^K^,  Till,  2rK,  NbK,  Tell,  Cr^I,  CrK,  VS,  V^», 
AIK,  KgIT.  Except  for  aluminum  and  magnesium  nitrides,  these  compounds  are  fairly 
stable  with  respect  to  a  variety  of  chemical  reagents  /2-7/»  All  the  nitrides  are 
decomposed  when  melted  with  alkalies  and  sodium  hydroxide. 

Magnesium  and  aVorclmin  nitrides  are  less  stable  compounds.  Magnesium 
nitride  decomposes  in  air  (it  is  kept  in  ampoules )  and  is  easily  dissolved  in  acids; 
aluminum  nitride  dissolves  in  diluted  alkalies  /9/* 

Chromium  and  vanadium  form  nitrides  with  the  composition  Vgll,  Crgli,  VS,  CrN. 
VgN  and  CrgN  dissolve  in  certain  acids  and  VH  and  CrK  do  not,  except  for  nitric  aid 
perchloric  acids,  respectively  /2 /. 

Extremely  little  data  have  been  published  on  analysis  of  pure  nitrides  of 
higivmelting  metals.  The  published  material  in  effect  only  concerns  analysis  of  the 
nitrides  which  are  contained  in  steels  in  the  form  of  impurities.  But  nitrides  may 
behave  differently  in  the  free  state  and  under  different  sets  of  conditions.  Hence, 
we  felt  it  necessary  to  study  methods  of  dissolving  pure  nitrides  and.  working  out 
methods  of  chemically  analyzing  them. 
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It  Is  known  /2,  11,  12/  that  the  residues  insoluble  by  the  normal  method 
(after  dissolution  of  the  steels)  contain  nitrides.  The  following  methods  are  sugg¬ 
ested  for  decomposing  them* 

1)  conversion  into  solution  by  melting  with  potassium  bisulphate  in  the 
presence  of  sulphuric  add; 

2)  melting  with  sodium  peroxide  or  a  mixture  of  lead  chromate  and  lead 
oxide;  the  nitrogen  content  in  the  residue  is  found  from  the  amount  of  gas  given  off; 

3)  dissolving  in  alkali. 

The  most  convenient  method  of  decomposing  the  sample  is  one  in  which  the 
entire  weighed  portion  is  dissolved  (without  separating  and  further  decomposing  the  - 
insoluble  residue. 

To  find  suitable  methods  of  decomposing  the  nitrides,  and  also  to  study  the 
chemical  properties,  we  investigated  the  solubility  of  titanium,  zirconium,  niobium, 
tantalum,  chromium  nitrides  in  different  acids,  mixtures  of  acids  and  alkalies. 

The  nitrides  were  prepared  at  the  Institute  of  Metal  Ceramics  and  Special 
Alloys  by  nitridiag  metals  at  high  temperatures  /if.  According  to  the  chemical  and 
x-ray  analyses,  the  composition  of  the  nitrides  we  studied  was  close  to  the  theoreti¬ 
cal  composition. 

Cur  method  of  investigating  the  solubility  was  as  follows:  a  weighed  portioi 
of  nitride  i6  dissolved  in  e  100  ml  beaker  in  different  media  in  the  cold  state  for 
a  day  and  heated  for  2  or  3  hours.  The  insoluble  residues  are  filtered  off  through 
a  No.  V  glass  filter,  washed,  dried  and  weighed.  The  content  of  the  metal  and 

nitrogen  in  the  solution  is  then  determined.  The  total  (M  +  IT  .  +  insoluble 

-  t~t  *  •  I 

residue)  was  always  close  to  100/d. 

The  results  of  the  study  of  the  sclubility  of  certain  nitrides  are  shown  in 

Table  1. 

From  the  data  obtained,  it  follows  that  the  most  stable  nitrides  in  the 
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group  Ti-lr-Nb-Ta-Cr  are  tantalum  and  chromium  nitrides  (CrN),  vhlle  the  least 
stable  are  ilrconium  nitride  and  chromium  nitride  (Cr^Il)*  Table  2  gives  data  on  the 
complete  solubility  of  the  nitrides. 

TaMel 

_ OotiImI  mMUty  of  sUddes  is  ecMi  «■ i  JMIm  rirtmT.  . 

Jytodim  TIN  M  J  MM  !  TiN  !  ON  1  Cr,N 
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Determining  nitrogen  in  nitrides 

Two  basic  methods  have  been  published  for  determining  nitrogen:  the  Dumas 
method,  which  involves  burning  the  nitride  with  an  oxidizing  flux  and  recording  the 
molecular  nitrogen,  and  the  Kjeldahl  method  by  which  the  nitrogen  is  distilled  in  the 
form  of  ammonia.  It  should  be  mentioned  that  to  determine  the  nitrogen  in  nitrides, 
particularly  in  titanium  ana  zirconium  nitrides,  the  Dumas  method  is  the  one  usually 
used.  But  it  is  a  complex  and  long  drawn  out  operation  and  unsuitable  for  mss s 
analysis.  In  accuracy  of  determination  it  is  not  superior  to  the  distillation  method. 
Clearly,  the  distillation  method  has  rarely  been  used  for  analyzing  nitrides  since 
the  solubility  of  the  latter  has  net  been  adequately  studied. 


T'ble  3 

Comparative  data  on  determining  nitrogen  in  chromium  nitrides 
by  the  Dumas  and  Kjeldahl  methods. 


Specimen 

Nitrogen  obtained,  % 

By  distillation 
after  dissolving 
in  perchloric 
acid 

By  the 

Dumas  method 

By  distillation 
after  dissolving 
in  sulphuric 
acid  (1:4) 

CrN 

1.3 

20.4 

- 

Ditto 

0.7 

21.0 

— 

CrjN 

0.4 

— 

11.8 

Ditto 

0.2 

— - 

10.9 

CrN+Cr,N 

2.3 

17.5 

— 

Ditto 

0.2 

15.6 

— 

In  cur  laboratory  practice  nitrogen  in  most  nitrides  is  determined  by  dis¬ 
tillation.  The  results  obtained  by  th' s  method  agree  with  the  results  obtained 
Dumas 1  method. 

In  dissolving  the  nitrides  we  made  use  of  both  our  own  as  well  as  published 
data  on  solubility.  The  nitrides  were  dissolved  in  the  following  acids  or  alkalies: 
2rK,  NhK  in  concentrated  sulphuric;  Till,  Tall,  BE,  YN  in  a  mixture  of  sulphuric  acid 
and  pottasium  sulphate;  Cr^II,  Mgi-I  in  sulphuric  acid  (1:4);  ALE  in  a  4o£  alkali  solu- 


Chromium  nitride  CrK  is  only  soluble  in  perchloric  acid  /7>  ll/.  Our  data 
show  that  vhen  chromium  nitrides  (both  Crli  and  Cr^Il)  are  dissolved  in  perchloric  acid 
and  the  nitrogen  is  then  determined  by  distillation,  wo  observe  almost  complete  loss 
of  th<  nitrogen  (Table  3). 

Clearly,  vhen  chromium  nitrides  ere  dissolved  in  perchloric  acid,  free 
nitrogen  is  generated  as  follows 

4 CrK  +  3HC10^  -  4Cr03  +  2Kg  +  3HCL. 

Consequently,  Kyeldahl 1  s  method  is  not  suitable  for  analyzing  chromium  nitride  CrK. 

Silicon  nitride  is  insoluble  in  acid  /T/  •  Thus,  in  the  nitrides  CrK  and 
Si^  the  nitrogen  was  determined  by  the  Dumas  method.  As  the  flux  we  used  a  mixture 
of  lead  oxide  and  lead  chromate  in  the  proportion  of  1:1. 

Determining  metal  in  nitrides 

Titanium,  zirconium,  niobium  and  tantalum  nitridea.  To  determine  the  metal, 
niobium  and  zirconium  nitrides  were  dissolved  in  concentrated  sulphuric  acid  with 
heating,  while  titanium,  tantalum  nitrides  were  dissolved  in  the  mixture  of  hydro¬ 
fluoric  and  nitric  acids,  and  in  aqua  regia.  The  metal  was  then  precipitated  out  with 
cupferron  or  else  determined  by  the  volumetric  method  (titanium). 

High  speed  methods  are  very  important  for  mass  analyses.  We  know  fins 
published  literature  /l3/  that  titanium,  zirconium,  niobium  and  tantalum  nitrides 
change  to  oxide  at  high  temperatures.  We  took  advantage  of  this  fact  in  determining 
the  met  il  in  the  nitrides  of  titanium,  zirconium,  niobium  and  tantalum.  The  results 
obtained  by  the  high-speed  method  agreed  closely  with  results  obtained  by  the  ordinary 
method  (Table  4). 

The  magnesium  in  magnesium  nitride  was  determined  by  complexonetric  titrat¬ 
ion  after  the  compound  had  been  dissolved  in  hydrochloric  acid  (1:1)  /lty . 

The  vanadium  in  vanadium  nitride  was  determined  by  the  volumetric  method 
after  the  sample  had  been  dissolved  in  nitric  add  /12/. 
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Table  4 

Comparison  of  methods  of  determining 
metals  (calcining  and  precipitation)  in 
nitrides. 


Nitride 

lCetal  obtained,  % 

By 

calcining 

_ i 

■Sr 

precipitation 

TiN 

■EBB 

wmsm 

Ditto 

warn 

ZrN 

ilntB 

Ditto 

mSSm 

NbN 

miSm; 

tlB 

Ditto 

i-MSsM 

TaN 

92.6 

92.8 

Ditto 

92.9 

92.9 

Chromium  nitride  (Cr^N)  vas  dissolved  in  sulphuric  add  (1:4).  The 
chromium  vas  determined  by  the  persulphate-silver  method  /l2/. 

Hie  chromium  nitride  (CrR)  is  insoluble  in  acids*  except  for  perchloric 
acid*  though  the  latter  cannot  be  used  on  account  of  evaporation  of  the  chromium. 

The  sample  of  chromium  nitride  vas  therefore  melted  together  vith  sodiuij^ier oxide  in 
a  nickel  or  iron  crucible*  after  which  the  chromium  vas  determined  by  the  volumetric 
method  /l 2/. 

Separation  of  the  nitrides  CrH  and  Cr.N.  It  .often  happens  when  preparing 
chromium  nitride  CrR  that  ve  obtain  a  mixture  of  nitrides  CrR  +  Cr^R.  The  pure 
nitride  CrR  can  be  separated  from  this  mixture  on  the  basis  of  solubility  data.  With 
this  aim*  0.4  g  of  the  compound  is  heated  in  sulphuric  acid  (1:4)  until  it  dissolves* 
the  insoluble  residue  is  filtered  off  through  a  Ho.  4  glass  filter*  vashed  vith  vater 
and  dried,  ^ere  the  CrR  goes  into  the  solution;  the  pure  nitride  CrN  is  left  in  the 
insoluble  residue.  The  filtrate  and  the  residue  can  be  analyzed  for  chromium  and 
nitrogen  content  in  the  vay  described  above. 

Determining  boron  in  boron  nitride 

A  veighed  sample  of  boron  nitride  is  melted  together  vith  soda  in  a  plat¬ 
inum  crucible.  The  melt  is  leached  vith  hydrochloric  acid  (l:l)  and  the  boron  is 
then  determined  by  the  volumetric  method  /8/. 


3$ 


Determining  total  a ill con  content  In  silicon  nitride 

Tti«  weighed  sasple  is  melted  together  with  sodium  peroxide  in  an  iron 
crucible.  After  precipitation  the  melt  la  leached  with  wetter  and  the  determination 
ia  then  conducted  by  the  hydrochloric  acid  method  /is/. 

The  method  of  determining  free  silicon  in  silicon  nitride  is  baaed  on  the 
solubility  of  free  silicon  in  a  1  i»  caustic  soda  solution.  Here  the  silicon  nitride 
does  not  dissolve.  The  silicon  content  in  the  solution  obtained  is  determined  colori- 
aetrically  from  the  yellow  coloring  of  the  silicon-molybdenum  acid  /l 2/. 

Conclusions 

1.  V.’e  studied  the  solubility  of  titanium,  zirconium,  niobium,  tantalum 
and  chromium  nitrides  in  different  acids,  mixtures  of  adds,  and  alkali  solutions. 

2.  It  was  shown  that  tantalum  nitride  and  chromium  nitride  (CrN)  are  the 
most  resistant  to  the  action  of  different  solvents,  while  zirconium  nitride  and  the 
chromium  nitride  Cr^Ii  are  the  least  stable. 

3.  The  results  of  our  study  of  solubility  of  nitrides  are  applicable  to 
decomposition  of  specimens  during  analysis;  methods  of  analyzing  certain  nitrides  are 
given. 
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SXL1CIDBS  . 

by:  T.  Ya.  Kbsolapova,  L.E.  Kugay,  K. D.  Modylevaktya, 

S.V.  RadziJiovskaya  and  O.O.  Sereya 
(Institute  of  Metal  Ceramic*  and  Special  Alloys) 

The  sillddes  of  high-melting  metals  In  the  fourth,  fifth  and  sixth  groups 
of  the  periodic  table  are  distinguished,  apart  from  high  resistance  to  oxidation  in 
the  air  end  to  different  acids  and  add  mixtures,  by  comparatively  high-melting  points, 
hardness,  semiconductor  characteristics  and  a  number  of  other  technically  inport  ant 
properties,  on  account  of  which  they  are  widely  enployed.  in  engineering  /l,  2/, 
particularly  as  heat-resistant  alloys,  high. temperature  resistance  furnace  heaters, 
radio  engineering  and  electronics. 

Published  literature  contains  descriptions  of  the  chemical  properties  of 
these  sillddes,  but  methods  of  chemically  analyzing  them  have  hardly  been  developed 
at  all. 

Disen  and  Huttig  / 3/  give  data  on  the  behavior  of  sillddes  of  the  transi¬ 
tion  metals  in  certain  media,  which  show  that  the  mineral  adds,  except  for  hydro¬ 
fluoric  add  and  mixtures  of  it  with  other  acids,  do  not  decompose  them. 

This  paper  studies  the  behavior  of  sillddes  in  a  number  of  media  with  a 
view  to  establishing  rational  methods  of  chemically  analyzing  them. 

Tfte  dlsllicides  used  for  our  study  were  obtained  by  synthesis  from  elements 
by  a  group  of  staff  members  at  the  Institute  of  Metal  Ceramics  and  Special  Alloys 
under  the  guidance  of  6.  V.  Samsonov  /4/.  Data  on  the  composition  of  the  sillddes 
used  are  given  in  Table  1. 

The  dlsllicides  obtained  were  pulverized  and  passed  through  a  270  mesh 
screen.  In  all  the  experiments  samples  of  sllldde  weighing  0.1  -  0.2  g  were  treated 

with  ^0  ml  of  the  corresponding  add  or  acid  mixture  and  heated  to  100  -  120*  for  two 
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hours.  The  insoluble  residue  was  filtered  off ,  dried  and  weighed.  Tne  content  of 
metal  which  had  passed,  into  .the  solution  vas  determined  in  the  filtrate.  Data  on  the 

chemical  stability  of  the  silicides  in  different  media  are  shown  in  Table  2. 

Composition  of  diaUicidea  used.  Table  1 


Metal  content,  % 

Silicon  content,  % 

gillcide 

Theoretical 

Experimental 

Theoretical 

Experimental 

a 

ov 

“f 

TiS, 

46.20' 

45.50 

53.80 

54.0 

0.32 

53.86 

va, 

47.60 

46.90 

52.34 

52.37 

0.29 

52.23 

TaSl* 

73.37 

76.12 

23.69 

22. 51 

0.34 

22.24 

GrSij 

48. 15 

48.08 

51.85 

49.03 

0.73 

49.56 

MoSt 

63.10 

64.57 

36.90 

34. 72 

0.12 

34.61 

.  -  j 


Our  data  suggest  that  all  the  disilicides  dissolve  quickly  and  completely 
in  mixtures  of  nitric  .  and  hydrofluoric  as  well  as  sulphuric  and  phosphoric  acids. 
However*  these  mixtures  cannot  be  recommended  for  diseolviag  the  silicides  fed  sskwfi 
mIMIm  for  determining  the  overall  silicon.  If  use  is  mode  of  the  mixture  HF+HIfO^ 
the  silicon  evaporates  in  the  fora  of  SiF^*  hut  if  H^SO^+H^PO^  is  used  the  silicic 
acid  dissolves  with  the  formation  of  (SiO)  (PO^^  / 5/ *  hence  the  only  method  of  trans¬ 
ferring  the  silicides  to  the  solution  in  this  case  is  to  melt  them  together  with  soda* 
caustic  soda  or  sodium  hydroxide.  Inciting  them  with  sodium  carbonate  requires  the  use 
of  a  platinum  vessel  and  is  therefore  Inconvenient.  Melting  them  with  sodium  hydroxide 
which  is  conducted  in  iron  or  nickel  crucibles*  gives  good  results.  Here  it  must  be 
kept  in  mind  that  the  use  of  a  large  excess  of  sodium  hydroxide  (more  than  10  x  the 
amount  of  the  sample)  leads  to  considerable  losses  through  the  vigorous  decomposition 
of  the  peroxide  itself. 

The  hest  method  of  transferring  most  silicides  into  the  solution  is  to  melt 
them  with  caustic  soda  in  a  nickel  crucible.  Here  the  amount  of  nickel  passing  into 
the  solution  Is*  for  practical  purposes,  negligible.  -  .. 

In  chemical  analysis  of  the  silicides*  we  determine  the  overall  content  of 
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silicon,  free  silicon  and  natal* 

null 


HCI  (•.(.  b.  1.1#) 

H7  +  HN0) 

Hci^mo^  a*J) 

Insoluble 
residue,  % 

Meta) 

content  in 

laaoluUs 

residue,  % 

Metal 

content  la 
solution,  % 

isgg 

Hotal 
cofdoft  to 

nsmzrtM 

— 

— 

9 

— 

95.5 

2.0 

va* 

— 

' 

—  — 

■  — 

■■ 

TaS,(Nbttt) 

— 

— 

0.2 

— 

95.5 

0.7 

era, 

44.5 

28.0 

0 

— 

91.0 

3.5 

MoO, 

99.8 

Not 

detected 

0 

rT  ‘ 

99.0 

traces 

wa, 

-  '■ 

*  1  1 

*  1 

■'  - 

' 

— 

Insoluble 
residue,  % 

Metal 
content  in 
solution,  % 

Insoluble 
residue,  % 

Metal 
content  in 
solution,  % 

Insoluble 
residue,  % 

Metal 
content  in 
solution,  % 

Metal 

content  in  ' 
solution,  % 

0 

86.4 

8.1 

85.5 

8.8 

Not 

CMSIjOCJvBO 

— 

— 

— — 

— — 

— 

— 

Ditto 

0 

■  ■■ 

96.5 

3.0 

96.6 

2.8 

1* 

0 

— 

41.4 

26.0 

62.8 

■ 

fl 

0 

— 

99.2 

Not 

— 

— 

99 

— 

— 

9S.4 

detected 

— 

— 

ft 

Determining  overall  silicon  content  in  sillddes 


As  has  already  been  pointed  out,  to  transfer  the  silicides  to  the  solution 
vhen  determining  the  overall  ^content  of  silicon,  it  is  best  to  melt  them  with  caustic 
soda  in  nickel  (or  iron)  crucibles.  Ttie  melt  should  be  leached  in  an  approximately 
10>S  solution  of  sulphuric  or  hydrochloric  acid. 

Further  determination  of  the  silicon  in  chromium,  vanadium,  molybdenum, 
thorium,  manganese,  iron,  nickel  or  cobalt  silicide  presents  no  difficulty  and  cen  be 
conducted  by  either  the  sulphuric- acid  or  hydrochloric-acid  method. 

Most  interesting  <f  all  is  the  determination  of  the  total  amount  of  silicon 
in  silicides  of  titanium,  zirconium,  niobium,  tantalum  and  tungsten.  The  use  of  the 


sulphuric  and  hydrochloric  acid  method  of  producing  silicic  acid  leads  in  this  case 
to  precipitation  of  a  considerable  amount  of  metal  together  with  Si02  in  the  form  of 
the  metal  oxides*  thus  hankering  further  determination  of  theSiO^  content . 

In  order  to  prevent  this  happening,  for  the  silicides  of  these  metals  we 
used  the  method  of  edding  a  coraplexing  agent  to  the  solution  in  the  form  of  an  easily 
soluble  compound  to  retain  the  metal.  A  similar  method  has  been  put  forward  by 
Fen'kova  and  Yakovlev  / 6/  for  determining  the  silicon  in  niobium  alloys. 

,  To  determine  the  overall  content  of  silicon  in  titanium  silicide,  we  used 
the  perchloric  acid  method  of  producing  silicic  acid.  In  this  case  TiO^  is  not  pre¬ 
cipitated  together  vith  SiO^.  2t  should  be  pointed  out  that  the  precipitated  residue 
of  silicic  acid  must  be  thoroughly  washed  with  water  until  all  the  perchloric  acid 
is  removed.  Table  S 


Silicon  content  in  TiSi*  determined  by  sulphuric  acid  and 
_ perchloric  acid  methods. _ 


No.  of 

Si  content,  % 

Relative  deviation,  % 

■ample 

Sulphuric 
acid  method 

Perchloric 
acid  method 

Sulphuric 
acid  method 

Perchloric 
acid  method 

1 

52. 90;  49. 97; 

63.60 

51.10;  51.04 

5.5 

0.11 

2 

55. 06;  56. 71 

57.  76;  57. 73 

1.8 

0.40 

3 

50.86;  52.60 

54.69;  54.57 

1 

3.3 

0. 20 

Table  3  shows  data  obtained  for  SiO^  in  titanium  silicides  by  the  sulphuric 
acid  and  perchloric  acid  methods. 

To  determine  the  silicon  in  niobium  silicide  (lJbSi2),  tantalum  silicide 
(TaSi^)  and  tungsten  silicide  wSi^)  we  added  a  saturated  solution  cf  oxalic  acid  to 
our  solution  after  the  sulphuric  acid  solutions  had  been  evaporated  ‘until  30^ 
appeared.  This  prevented  hydrolysis  of  the  niobium,  tantalum,  and  tungsten,  and  the 
silicic  acid  is  not  contaminated  by  the  oxides. 

The  method  was  checked  with  TaSi^  specimens  and  an  artificial  mixture  rJOj- 
S102  by  the  additive  method. 
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The  data  'obtained  is  shown  in  T  ble  4* 

Consequently*  the  precipitation  of  silicic  acid  in  the  presence  of  oxalic 
acid  is  quite  suitable  for  dete ruining  the  overall  silicon  content  in  niobium*  tan¬ 
talum  and  tungsten  silicides.  4 

Results  of  determining  silicon  content  in  TaSit  and  artificial 
mixture  WO|8iO). 


No.  of 
sample 

T**t 

No.  of 
sample 

WO, -SIO, 

SI 

added,  g 

Si 

fouad,  g 

Relative 
error,  % 

SiO, 

added,  g 

SlOb 

found,  g 

Relative 
error,  % 

mm 

«.045« 

0.0405 

m Dp 

0. 0491 

0. 0501 

2.0 

0.0300 

0.0376 

0.0596 

0. 0573 

3.8 

0.0420 

0.0420 

0. 0548 

0. 0551 

in 

1 

0. 0388 

0.0384 

0.0484 

0. 0496 

msm 

1  ■ 

■■■ 

5 

0. 0508 

0. 0517 

msm 

Mean  error 

WBUM 

wmmmammmmmsm 

Our  experiments  show  that  when  determining  the  overall  silicon  content  in 
zirconium  silicides  (ZrSi^),  citric  acid  should  be  added  as  the  complexing  agent* 

The  addition  of  oxalic  acid  does  not  produce  the  desired  result.  It  should  be  pointed 
out  that  when  analyzing  zirconium  silici&e,  when  the  silicic  acid  has  been  precipitated 
in  the  presence  of  sitric  acid,  the  filtrate  cannot  be  used  to  determine  the  zirconium 
present  by  any  of  the  known  methods  (cupf error,  phosphoric  acid  methods).  A  con¬ 
siderable  amount  of  zirconium  is  left  in  the  solution  in  this  case. 

Determining  free  silicon 

The  determination  of  free  silicon  in  silicides  is  based  on  dissolving  the 
free  silicon  in  a  1$  solution  of  caustic  soda  followed  by  calorimetric  determination 
of  the  silicic  acid  formed  in  the  fcr*i  of  a  yellow  silicic-molybdic  heteropoly  acid. 

In  order  to  establish  whether  or  not  it  is  possible  to  use  the  given  rethod 
for  determining  the  free  silicon  in  the  silicides,  we  must  first  ascertain  the  stabil¬ 
ity  of  the  silicides  in  a  l£  solution  of  alkali.  The  experiments  conducted  for  this 
purpose  were  as  follows.  A  weighed  portion  of  the  silicide  in  question  (0.5  -  1*0  g) 
was  heated  and  treated  with  1$  alkali  solution  in  a  platinum  bowl  for  Uo*  60  and  90 
minutes.  The  insoluble  residue  was  filtered  off  and  the  silicon  content  in  the  fil- 


trate  was  determined.  If  the  silicon  content  in  the  solution  was  constant,  no  natter 
how  long  the  solution  v  ;s  toiled,  it  can  he  assumed  that  the  silicide  does  not  dissolve 
in  a  l£  caustic  soda  solution. 

The. second  method  we  used  to  checl:  the  stability  of  silicides  in  a  1^ 
elhaii  solution  van  to  treat  1.5  -  3  Z  disilicide  with  a  1  f/S  caustic  soda  solution 
for  a  set  period  of  time.  The  insoluble  resi  1 :e  w as  filtered  off  and  carefully  wash¬ 
ed*  The  silicon  content  in  the  filtrate  was  then  determined.  The  filtrate  plus  the 
residue  were  dried,  and  a  sample  of  the  dry  residue  was  taken  for  a  second  determin¬ 
ation  of  the  free  silicon,  lone  tines  the  operation  was  carried  out  a  third  time*  We 
were  thereby  able  to  establish  that  the  free  silicon  can  be  determined  in  this  way  in 
the  di silicides  of  titanium,  zirconium,  tantalum,  chromium,  vanadium,  molybdenum, 
thorium,  iron  and  manganese.  The  silicides  of  niobium,  tungsten,  cobalt  and  nickel 
dissolve  in  a  l/»  solution  of  caustic  soda,  and  we  cannot  therefore  recommend  determ¬ 
ining  the  free  silicon  in  these  silicides  by  treatment  with  this  solution* 

On  the  basis  of  data  we  suggest  the  following  method  for  determining  the 
free  silicon  in  disiliciies  of  titanium,  zirconium,  tantalum,  dromium,  vanadium, 
molybdenum,  thorium,  iron  and  manganese?  0.2  -  0*5  g  samples  of  silicide  are  treated 
with  ho  ml  1,j  caustic  soda  solution  in  a  platinum  bowl  vrith  heating  for  to  60 
minutes.  The  insoluble  residue  Is  filtered  off  and  the  free  silicon  'content  is  de¬ 
termined  in  the  filtrate  calorimetric  ally  by  measuring  the  optical  density  of  the 
yellow  silicic-molybdic  complex  solution.  The  free  silicon  content  is  found  from  a 
calibration  curve.  The  latter  is  plotted  for  a  standard  specimen  of  sodium  silicate 
prepared  by  dissolving  silicon  in  a  l£  caustic  soda  solution. 

Determining  metal  In  silicides 

The  amount  of  metal  In  silicides  can  be  determined  by  two  method:  l)  in 
the  filtrate  after  separating  the  silicic  acid,  or  2)  in  the  solution  after  removing 
the  silicon  in  the  fora  of  SiF^  by  treating  the  silicide  sample  with  a  mixture  of 
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hydrofluoric  and  nitric  adds  in  a  platinum  howl,  4 

In  most  cases  the  second  method  Is  preferred*  since  it  excludes  errors  due 
to  metal  impurities  in  the  iron  and  nickel  crucible#*  % 

The  metal  in  the  solution  is  determined  by  one  of  the  accepted  analytical 
methods  /it  8/ *  for  example*  vanadium  is  determined  in  a  sulphuric  acid  solution* 
manganese  is  determined  by  the  volumetric  method*  niobium  and  tantalum  by  precipita¬ 
tion  with  cupferron*  cobalt  is  precipitated  from  a  hydrochloric  acid  solution  with 
or-nitrose-P-naphthol,  and  so  on, 

Ve  developed  a  high-  speed  method  for  determining  cobalt.  The  method  Is 
based  on  the  fact  that  after  the  slllelde  sample  has  been  dissolved  in  a  weighed 
bowl,  in  a  mixture  of  hydrofluoric  and  nitric  acids  to  which  sulphuric  add  is  further 
added,  the  silicon  evaporates  in  the  form  of  Si?^,  and  as  soon  as  the  sulphuric  add 
residues  have  been  removed  by  heating  in-  a  muffle  furnace  at  450  -  47$**  OoSO^  is 
left  in  the  platinum  bawl  and  then  weighed. 

Conclusions 

1.  studied  the  behavior  of  the  disillddes  of  transition  metals  la  the 
fourth,  fifth  and  sixth  groups  of  the  periodic  table  in  a  number  of  addle  and 
alkaline  media*  It  was  found  that  the  sillcides  are  completely  decomposed  in  a  mix¬ 
ture  of  hydrofluoric  end  nitric  acid  as  well  as  phosphoric  and  sulphuric  acids. 

2.  The  most  effective  way  to  transfer  the  slliddes  to  a  solution  when 
determining  the  overall  silicon  content  in  them  is  to  melt  them  with  caustic  soda  in 
nickel  or  iron  crucibles.  'It  developed  methods  for  determining  the  overall  silicon 
content  in  the  sillcides  of  tungsten,  niobium,  tantalum,  zirconium*  based  oa  bonding 
of  the  metal  into  a  soluble  complex  compound  with  oxalic  add  O’,  Kb,  Ta)  or  dtrie 
(2r)  acid  with  the  precipitation  of  SlOg.  The  silicon  in  titanium  sillcides  can  be 
determined  by  the  perchloric  add  method. 
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of  titanium,  zirconium,  tantalus,  thorium,  chrcrdun,  vanadiua,  nolybdenum,  iror.  «nd 
manganese,  based  or.  dissolving  the  free  silicon  in  a  l£  cystic  soda  solution. 
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